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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a golf 
club shaft which Is capable of increasing, flying 
distance and of attributing favorable directionality 
of a ball upon shot. 

SOLUTION: This golf club shaft is formed in a 
tapered shape with a diameter gradually reduced 
from the grip side to the tip side and satisfies the 
constitution requisite to have the grip part and 
the tip part with each range with higher torsional 
rigidity compared to a case the physical porperty 
line is drawn by a straight line in the torsional 
rigidity distribution property line along the shaft 
axis and the middle part with a range with higher 
bending rigidity compared to a case the physical 
property line is drawn in a straight line. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the torsional rigidity distribution ultimate lines which met nothing and 
shaft shaft orientations in the shape of a smooth taper which is missing from a 
nose-of-cam side from a hand side, and serves as a minor diameter gradually While 
torsional rigidity has a high field in a part for a hand portion and a point as compared 
with the case where these ultimate lines are drawn in the shape of a straight line The 
shaft for golf clubs characterized by flexural rigidity having a high field in a part for a 
center section as compared with the case where these ultimate lines are drawn in the 
shape of a straight line, in the flexural rigidity distribution ultimate lines in alignment 
with shaft shaft orientations. 

[Claim 2] In the ultimate lines of the aforementioned torque value to which the torque 
value which measured the shape of a smooth taper which is missing from a 
nose-of-cam side from a hand side, and serves as a minor diameter gradually by 
nothing and partial mensuration was smaller the hand side, and met shaft shaft 
orientations from the nose-of-cam side While the percentage reduction of this torque 
value has a small field in a part for a hand portion and a point as compared with the 
case where these ultimate lines are drawn in the shape of a straight line The shaft for 
golf clubs to which EI value is characterized by having the field where EI value is high 
in a part for a center section as compared with the case where these ultimate lines 
are drawn in the shape of a straight line in the ultimate lines of EI value which it was 
larger the hand side and met shaft shaft orientations from a nose-of-cam side. 
[Claim 3] The shaft for golf clubs characterized by providing the requirement (b) for 
the following composition - a (c), 

(b) Length should make the shape of a smooth taper from which 750-1 250mm and a 
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end face outer diameter are 8.0-9.0mm. are [ side / hand ] missing from a 
nose-of-cam side, and 15.5-1 6.5mm and a nose-of^cam outer diameter turn into a 
minor diameter gradually. 

(b) In the ultimate lines of the aforementioned torque value to which the torque value 
measured by partial mensuration was smaller the hand side, and met shaft shaft 
orientations from the nose-of-cam side Have into the portion (a part for a point) 
between the parts distant from the portion (hand portion) and nose of cam. and nose 
of cam between the parts where the percentage reduction of this torque value 
separated the small field in the direction of 100-300mm nose of cam from the end 
face and the end face as compared with the case where these ultimate lines are 
drawn in the shape of a straight line in the direction of 100-300mm hand. 

(c) EI value should have in the ultimate lines of EI value which it was larger the hand 
side and met shaft shaft orientations into the portion between the part which 
separated the field where EI value is high in the direction of 100-300mm nose of cam 
from the end face as compared with the case where these ultimate lines are drawn in 
the shape of a straight line, and the part distant in the direction of 1 00-300mm hand 
from a nose of cam (a part for a center section) from a nose-of-cam side. 

[Claim 4] When the turning effort which the torque value in the requirement (b) for 
composition applies to a shaft is the turning effort of 1 pound to the direction of a 
clockwise rotation, in a hand portion 3.0 - 3.5 degrees. It is 1.0 - 1.5 degrees in a part 
for 2.5 - 3.0 degrees, and a point at a part for a center section. The shaft for golf clubs 
according to claim 3 whose EI value in the requirement (c) for composition is 1 .5 - 2.0 
kg-mm 2x106 in a hand portion at a part for 8.0 - 8.5 kg-mm 2x106 and a center 
section in a part for 6.5 - 7.0 kg-mm 2x106 and a point 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the shaft for 
golf clubs which can aim at the flight distance increase and the improvement in 
directivity in a ball at the time of a shot. 
[0002] 

[Description of the Prior Art] In order to set at the shaft for golf clubs and to aim at 
the flight distance increase and the improvement in directivity in a ball at the time of a 
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shot conventionally, increasing the flexural rigidity (it being the same vertical rigidity 
and the following) of a shaft or increasing the torsional rigidity for a shaft point (torque 
intensity) are performed. For example, with the shaft for the golf clubs made from FRP. 
allotting the reinforcement layer which consists of a carbon fiber which makes the 
orientation angle of 0 - 45 degrees to a shaft axis to a part for the point of a shaft for 
the purpose of the torsional rigidity increase for allotting the reinforcement layer 
which becomes a part for the hand portion (end face portion) of a shaft or a point etc. 
from a carbon fiber, a metal fiber, etc. for the purpose of flexural rigidity increase of a 
shaft, and a shaft point etc. is performed. These reinforcement layers are allotted in 
the form harmoniously incorporated during the fundamental fiber-reinforcement 
composition for obtaining the basic performance of a shaft. 
[0003] 

[Problem(s) to be Solved by the Invention] The flight distance increase of a ball and 
the improvement means in directivity in the shaft for the golf clubs made from FRP 
mentioned above are allotted in the form which incorporates a reinforcement layer 
harmoniously during the fundamental fiber-reinforcement composition for obtaining 
the basic performance of a shaft, and the improvement of the flexural rigidity at the 
time of measuring in the state where the static behavior of a shaft, i.e., a shaft, was 
made to stand it still to the last, and torsional rigidity (static item) is aimed at. 
[0004] On the other hand, in the design of a shaft, the examination for aiming at the 
flight distance increase and the improvement in directivity in a ball was not 
conventionally made at all by improving the behavior (dynamic behavior) of the shaft in 
the state where it is swinging. 

[0005] this invention was made in view of the above-mentioned situation, and aims at 
offering the shaft for golf clubs which aimed at the flight distance increase and the 
improvement in directivity in a ball by improving the dynamic behavior of a shaft. 
[0006] 

[Means for Solving the Problem] In order that this invention person may attain the 
aforementioned purpose, as a result of inquiring wholeheartedly, when following 
property ** - ** are given to the shaft for golf clubs, it sets at the shaft for the golf 
clubs made from FRP especially. When following property ** - ** are given to a shaft 
by adding a dynamic-behavior adjustment layer separately to the fundamental 
fiber-reinforcement composition for obtaining the static item of a shaft. It became 
possible to improve the dynamic behavior of a shaft and to operate the static item of 
a shaft more effectively in a dynamic swing process, and the knowledge of the ability 
to aim at the flight distance increase and the improvement in directivity in a ball by 
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this is carried out. and it came to make this invention. 

** Flexural rigidity should have a high field relatively in a part for the 

shaft-orientations center section of a shaft, 

** Torsional rigidity should have a high field relatively in a part for the hand portion of 
a shaft, and a point. 

** Make the shape of a smooth taper from which a shaft is [ side / hand ] missing 
from a nose-of-cam side, and serves as a minor diameter gradually. 
[0007] Therefore, the shape of a smooth taper which serves as a minor diameter 
gradually, applying this invention to a nose-of-cam side from a hand side is set to the 
torsional rigidity distribution ultimate lines in alignment with nothing and shaft shaft 
orientations. While torsional rigidity has a high field in a part for a hand portion and a 
point as compared with the case where these ultimate lines are drawn in the shape of 
a straight line In the flexural rigidity distribution ultimate lines in alignment with shaft 
shaft orientations, the shaft for golf clubs characterized by flexural rigidity having a 
high field in a part for a center section as compared with the case where these 
ultimate lines are drawn in the shape of a straight line is offered. 
[0008] If the property of the shaft for golf clubs of this invention is shown notionally, it 
will become like drawing 1 . That is, as shown in (A), the outer diameter of a shaft 
becomes small gradually towards a hand side to a nose-of-cam side, and the outside 
configuration of a shaft is making the shape of a smooth taper. Moreover, as shown in 
(B), in the torsional rigidity distribution ultimate lines a, torsional rigidity has the high 
fields c and d in a part for a hand portion and a point as compared with the case where 
the ultimate lines are drawn as a straight line b which laps with ultimate lines a in a 
part for a center section. Furthermore, as shown in (C), in the flexural rigidity 
distribution ultimate lines e, flexural rigidity has the high field g in a part for a center 
section as compared with the case where the ultimate lines are drawn as a straight 
line f which laps with ultimate lines e in a part for a hand portion and a point. 
[0009] In this case, as for the torsional rigidity c and d for a hand portion and a point, 
it is desirable that it is large rapidly to the torsional rigidity drawn as a straight line b. 
Moreover, as for flexural rigidity g for a center section, it is desirable that it is large 
rapidly to the flexural rigidity drawn as a straight line f. By enlarging rapidly torsional 
rigidity for a hand portion and a point, when loosening a cock, at the time of torsion 
produced in the hand section, and impact, torsion produced in a point can be 
suppressed and the control nature of a shaft can be raised. Moreover, although it 
becomes easy to produce buckling since the hand portion of a shaft is a major 
diameter compared with a part for a point, it also becomes suppressing buckling in a 
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hand portion and raising the control nature of a shaft by enlarging torsional rigidity of a 
hand portion rapidly. 

[0010] the fundamental fiber-reinforcement composition for the property which faces 
forming this invention shaft by FRP, and is shown in the aforementioned straight lines 
b and f obtaining the static item of a shaft — it can obtain — the property of Fields c. 
d. and g — the above — it can obtain by adding a dynamic-behavior adjustment layer 
separately to fundamental fiber-reinforcement composition In this invention, even 
when a dynamic-behavior adjustment layer is added to fiber-reinforcement 
composition fundamental in this way, the outside configuration of a shaft is formed in 
the shape of [ smooth ] a taper. In addition, the shaft of this invention can also be 
formed with material other than FRP, such as a metal. 

[001 1] Since torsional rigidity has a high field in a part for a hand portion and a point in 
torsional rigidity distribution ultimate lines with the shaft for golf clubs of this 
invention as compared with the case where these ultimate lines are drawn in the 
shape of a straight line, the torsional rigidity for a hand portion and a point is relatively 
high. Moreover, in flexural rigidity distribution ultimate lines, since flexural rigidity has a 
high field in a part for a center section as compared with the case where these 
ultimate lines are drawn in the shape of a straight line, the flexural rigidity for a center 
section is relatively high. 

[0012] Therefore, it becomes easy to return a crab face side to the position 
established at the time of the address, without affecting swing by adding the dynamic 
control by torsional-rigidity [ in / the hand portion from a part for a shaft center 
section / mainly / to the torsional rigidity in the static item of the shaft which carries 
out the work which is missing from impact from TOPPUOBU swing with especially this 
invention shaft at the time of swing, and maintains a head face side in a fixed angle to 
a swing line ] distribution correctly. Moreover, with this invention shaft, since 
rationalization of the torsional rigidity value of the hand portion in dynamic behavior 
and increase-ization of torsional-oscillation attenuation are made by the 
aforementioned torsional rigidity distribution Torsion with the big shaft point produced 
by the intense torsion torque which joins a shaft in early stages of a downswing It 
becomes easy to return a crab face side to the position established at the time of the 
address correctly, without being suppressed by rationalization of the aforementioned 
torsional rigidity value, and increase-ization of torsional-oscillation attenuation good, 
and this affecting swing by them. Furthermore, it becomes easy to return a crab face 
side to the position established at the time of the address, without having produced 
torsion of a shaft focusing on the this straight-line-like axis since the two down in the 
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shaft overrun [ in TOPPUOBU swing ] and swing lowest point was suppressed by the 
aforementioned flexural rigidity distribution with this invention shaft and the axis of a 
shaft was mostly held during swing at the shape of a straight line, and this affecting 
swing correctly. And the flight distance increase and the improvement in directivity in 
a ball at the time of a shot are achieved these results. 

[0013] In addition, usually, although the length for a part for a hand portion and a 
center section and a point changes with length of a shaft in this invention shaft, when 
a end face is made into length 0 and a nose of cam is made into length 100, the hand 
portion of a part for the portion of 0 to 20-40 and a center section is [ the amount of 
/ the portion of 20-40 to 60-80 and / point ] a portion of 60-80 to 100. 
[0014] In the ultimate lines of the aforementioned torque value which the hand side 
had the torque value smaller than the nose-of-cam side which measured the shape of 
a smooth taper which serves as a minor diameter gradually, applying the shaft of this 
invention to a nose-of-cam side from a hand side by nothing and partial mensuration, 
and met shaft shaft orientations While the percentage reduction of this torque value 
has a small field in a part for a hand portion and a point as compared with the case 
where these ultimate lines are drawn in the shape of a straight line EI value is larger 
than a nose-of~cam side a hand side, and it is desirable in the ultimate lines of EI 
value in alignment with shaft shaft orientations to have the field where EI value is high 
in a part for a center section as compared with the case where these ultimate lines 
are drawn in the shape of a straight line. 

[0015] Here, it fixes so that a part with a shaft may not be rotated, and partial 
mensuration means the torque value measuring method which measures the angle 
(torque value) which the part which applied a turning effort fixed at a shaft in the 
direction of a hand or the direction of a nose of cam in the fixed distance remote part, 
and applied the turning effort there rotated. The torque value by partial mensuration 
turns into an index value of the torsional rigidity in each portion of a shaft. When 
measuring the torque value for every 200mm interval by partial mensuration, it can 
measure as follows. That is, first, the latest part of a shaft is fixed by the chuck etc., 
turning effort is applied to a shaft in the part distant from this fixed part 200mm in the 
direction of a hand, and the torque value of the part is measured. Next, the part which 
applied turning effort last time is fixed by the chuck etc., the turning effort of the 
same size as last time is applied to a shaft in the part distant from this fixed part 
200mm in the direction of a hand, and the torque value of the part is measured. 
Hereafter, it measures similarly one by one. 

[0016] Moreover. EI value turns into an index value of the flexural rigidity in each 
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portion of a shaft, in this invention, performed the three-point bending test and 
computed EI value by the following formula. In this case, while holding the shaft 
horizontally by supporting a shaft by the support of the couple fixed interval (L) Left, 
the position of the middle between both the above-mentioned supports was made into 
shaft point of measurement, and EI value was calculated from the amount (sigma) of 
strains of the shaft point of measurement when adding a load (P) at right angles to a 
shaft by this shaft point of measurement. 
EI value =(L3/48) - (P/sigma) [kg-mm 2x106] 
L: Distance between both supports (mm) 
P: The load added to the shaft (kg) 

sigma: The amount of strains of the shaft when adding a load (mm) 
[0017] 

[Embodiments of the Invention] As a suitable operation gestalt of the shaft for this 
invention golf clubs, the shaft possessing the requirement (b) for the following 
composition - a (c) is mentioned, for example. 

(b) Length should make preferably the shape of a smooth taper from which 
850-1 1 50mm and a end face outer diameter are 8.0-9.0mm, are [ side / hand ] missing 
from a nose-of^cam side, and 15.5-1 6.5mm and a nose-of^cam outer diameter turn 
into a minor diameter gradually 750-1 250mm. 

(b) In the ultimate lines of the aforementioned torque value to which the torque value 
measured by partial mensuration was smaller the hand side, and met shaft shaft 
orientations from the nose-of-cam side Have into the portion (a part for a point) 
between the parts distant from the portion (hand portion) and nose of cam, and nose 
of cam between the parts where the percentage reduction of this torque value 
separated the small field in the direction of 100-300mm nose of cam from the end 
face and the end face as compared with the case where these ultimate lines are 
drawn in the shape of a straight line in the direction of 100-300mm hand. 

(c) EI value should have in the ultimate lines of EI value which it was larger the hand 
side and met shaft shaft orientations into the portion between the part which 
separated the field where EI value is high in the direction of 100-300mm nose of cam 
from the end face as compared with the case where these ultimate lines are drawn in 
the shape of a straight line, and the part distant in the direction of 100-300mm hand 
from a nose of cam (a part for a center section) from a nose-of-cam side. 

[0018] In this case, the torque value in the requirement (b) for composition When the 
turning effort applied to a shaft is the turning effort of 1 pound to the direction of a 
clockwise rotation, in a hand portion 3.0 - 3.5 degrees. By part for a center section. 



7 



2.5 to 3.0 degrees, by part for a point, are 1 .0 - 1 .5 degrees and EI value in the 
requirement (c) for composition It is [ in a part for 8.0 - 8.5 kg-mm 2x106 and a center 
section ] desirable in a hand portion that it is 1.5 - 2.0 kg-mm 2x106 at a part for 6.5 
- 7.0 kg-mm 2x106 and a point. 
[0019] 

[Example] The shaft for the golf clubs made from FRP of this invention (a length of 
1000mm) was manufactured. In this case, as shown in drawing 2 . after twisting the 
prepregs 4, 6, 8, 30, 40, 50, 60, 70, 10, and 12 using the carbon fiber around a mandrel 
2 in this order (from drawing Nakagami to order), heat hardening of these prepregs was 
carried out In addition, the arrow shown in the prepreg shows the direction of fiber 
orientation. 

[0020] what makes the fundamental fiber-reinforcement composition for prepregs 4, 6, 
8, 10, 12, and 14 obtaining the static item of a shaft — it is — prepregs 30, 40, 50, 60, 
and 70 — the above — the dynamic-behavior adjustment layer separately added to 
fundamental fiber-reinforcement composition is constituted Prepregs 30, 40, 50, and 
60 are for forming the torsional rigidity distribution for a shaft hand portion and a point, 
and the fiber orientation angle is 35 - 45 degrees to a shaft axis. A prepreg 70 is for 
forming the flexural rigidity distribution for a shaft center section, and the degree of 
fiber orientation angle is 0 times to shaft shaft orientations. In addition, since a shaft 
grows fat the so-called inside and ****** is winding prepregs 30, 40, 50. and 60 
around the method of the both sides with the shaft of this example if only a prepreg 70 
is rolled, the shaft serves as the shape of a smooth taper. 
[0021] EI value distribution of the shaft of this example is shown in the 
outer-diameter distribution of the shaft of this example, and drawing 4 at the torque 
value by the partial mensuration of the shaft of this example and the torque value by 
nose-of-cam moment distribution method, and drawing 5 at drawing 3 . The method of 
measuring for every 200mm interval by nose-of-cam side fixation mentioned above 
was used for partial mensuration. It fixed so that the latest part of a shaft might not be 
rotated by the chuck etc., and the torque value by nose-of-cam moment distribution 
method applied a turning effort respectively fixed at a shaft in the direction of a hand 
from this fixed part in 200, 400, 600, and the part distant 800 or 1000mm, and 
measured the torque value of the part. In this case, turning effort applied to a shaft 
was made into the turning effort of 1 pound to the direction of a clockwise rotation. 
[0022] The golf club was produced using the shaft of this example, the ball was hit, 
and the performance of a shaft was investigated. Consequently, the shaft of this 
example was what can make it easy to return a crab face side to the position 



8 



established at the time of the address correctly, without affecting swing, and can aim 

at the flight distance increase and the improvement in directivity in a ball. 

[0023] 

[Effect of the Invention] It can make it easy to return a crab face side to the position 
established at the time of the address correctly, without according to the shaft for 
golf clubs of this invention, becoming possible to improve the dynamic behavior of a 
shaft and to operate the static item of a shaft more effectively in a dynamic swing 
process, therefore affecting swing, and the flight distance increase and the 
improvement in directivity in a ball can be aimed at. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which showed notionally the property of the shaft for this 
invention golf clubs, and the graph which shows a shaft outer-diameter distribution 
[ in / shaft shaft orientations / in (A) ]. the graph which shows a torsional rigidity 
distribution / in / shaft shaft orientations / in (B) ]. and (C) are graphs which show the 
flexural rigidity distribution in shaft shaft orientations. 

[Drawing 2] It is drawing showing the manufacturing process of the shaft for golf clubs 
concerning one example of this invention. 

[Drawing 3] It is the graph which shows the shaft outer-diameter distribution in the 
shaft shaft orientations of the shaft for the said golf clubs. 

[Drawing 4] It is the graph which shows the torque value distribution by the partial 
mensuration and nose-of-cam moment distribution method in shaft shaft orientations 
of the shaft for the said golf clubs. 

[Drawing 5] It is the graph which shows EI value distribution in the shaft shaft 
orientations of the shaft for the said golf clubs. 
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IBia i: t) MiJ'limcOjilE'fb. C t) ii®)M^^ti:;^^btr J: 

^:Lbfi<T Y\yys^^\z.m7LtL\tLm\z^y':fy^—y^'^ 

YX\t. tUIBfttf^Jtti^^t-ctoT h yy'':^':fy^^ ^-i/ 
^(O-y^y Y:^--^^—y^y. y^A^y^MCTMr^o^Y 
^^i^ii'^nu^f^. \y^y Y<o^mty^^^y'!f'^\^\'^^ 
m^K\z.\^.^'^f\.^tL^. ^^^yY<of^^f\.\t:L<o'm.W>l^ 

^7L^:Lbf^<r Y\yy^^\zm^ti^f^\z^ yrfy 

[0 0 13] ^l^s :^^mi^'^y h^^:fc*V^T. ^TC^Ii 

T^T^f-S^i^ SiiSgSrg^O. ^fe«^«$lOOir 

L;/tS'g^s ^7c^FU5>tiO;6^fo2 0-4 0(^9J:^\ 

2 0-4 0;6^b6 0-8 OOgftiJ. ^fe^SSU^Jti 6 0 
— 8 0 10 0 <^>^|i^^T'fe^o 
[0014] :^^m(Oi^-^y Y\t. #7cW>e>5fe*SWw 

S'jJSTai^Lfc Yji^^mif^^tm]^^^7cm<o:^i)^^}^^ 

i>T. !^#t±^^^iI^^Jbctcffiv^3^iJ-g^t;ii:bKtTE US 

[0 0 15] CwT. iFP^JftS'Jfe^tt. -^^^hOte^ 



(4) 



mn^S-Z 3 4 2 5 6 



i:;^#$oiH]«is;^^^Dx.. -tf^^E^fo ^>'^'^^li:sra!l:£•r 
[0 0 16] E Hit.!: ho#Sfl5:9-»-*5>:J- 

^ * IS9iJtt<7:>Jgt^M ^ J'cf ^ co-c^ ^ . :;?^^P.^T*I^ 3 

jg-^. -^r«^Ri (L) miiti-n(o^^MrXiy'^y 

^^^^ :z t X ^ i^-Y y h^Tk^i^i^^^ir^t th 

ccDv'^p^ ha!i;E.^*tri/'t:7 btrsai^^^a (P) 

EHa:=(L3/48) • (P/o) [kg-mm^xi 
06] 

L : ^^^^^^F^^OS&g^ (mm) 
P : >-'y:7 htc::&D;i3^ci?^a:. (k g) 
a : mm^l3n^titt(Di^'^y hcon-r^M (mm) 
[0 0 1 7 1 

[^i§go^J£<:D?f^^] :^^m==*^^y ^ y:fBi^'^y h(0 

iijm^j:^mmmtL>x\t. m^^t. rmm^^i^ (>r) 

(^)S$;&^ 750 — 125 0 mm. ^? ^ L < 8 5 0 
--1 1 5 Omms SiS^Sb^^:^^! 5. 5 1 6 . 5 mm. 

to 

(p) u^$mmxm&vith^\-^mi^^^m\x^^7L 

UTf^ m(om<}^^i(f^y}^ S t ^ffli^4rSffl t S 
1 0 O'-s 0 0 mm^ti&:^\^\cmtitzmm t (Dr^^ 

(DU^ (^TC^'A) RV'^ti^t^m^b 10 0-300 

(^>) E I mr^^tm]^ ^ ^mw:^:^*^^^ < . t^-^'y 

J^;^iE?a*ti;imv^yj::ii^«c)t«SSLTE I m'^Wi^mmc 
mwi^hi o 0-3 0 omm^fe^g*fp)lcBtttLfcfilgffi^fe 



ig;6^e> 1 0 0-3 0 0mm¥^7c:^i^)l-Hix/c®pjr^^^rp^ 

[0 0 18] :L(om^. m\m\^ (n) {r:}oi:r5 h/u^ 

^yYcomi^tiXio^^M'^X^^ytWT^X^^ 0-3. 5 
Sf. 4':ftSU^JT2. 5-3. oar. 5tffiSf|55J-e 1 . 0- 

1. 5gT'^ot). ('^>) \-^y^^^\mt.. ^ 

7tUj^X8. 0 — 8. 5 k g • mm^X 1 0^ 
T'6. 5-7. 0 k g ' mm^X I OK ^tmi^Xl . 
5-2. 0 k g • mm^X 1 0«-r*fo^»r H/\ 
[0019] 

iMMM ^^^miOFRpm^^^^y^yy^M-y^y ^ 

(S^lOOOmm) ^ffl^3tb/Co :i(Om^s HI 2 
8. 3 0. 4 0. 5 0. 6 0. 7 0. 1 0. 1 2^:Z(D 

mx m't'±^^hm\^) •^>'Kwi'2jr^t{^tt:tt^. 

lO 0 2 0] rUi/4. 6. 8. 10. 12. 14 

4ll^^/<e-rt>oTfe>9. yV::^i^^S0s 4 0. 5 0. 
6 0. 7 0 «±fES:*:«J?im«5S<bW«^t-^ LT^U® 

0. 4 0. 5 0. 6 OJi. v'^:7 h^TC^^^-^U^^fe^S^FU 

iEf^]A»ii^-t:7 hW^lilMLXa 5-4 5^T^fc6o 

^'t^tzi^<oi:>(Dx\ ^(Dmm^ip}'^&\^^>yyhm:^ 

\^\^MVXomx:h^o :7*];:7'Ui/7 o;t*ft$r^ 
hr*tt-?:coM^M:^{w>^y :7"i^i/3 0. 4 0. 5 0. 6 0 

[0 0 2 1 ] 1213 IdT^^^JcOv'-t :7 H 4 Id 

hyu-i^ffl. m5\:i:^m<Oiyyy h(DE J 

200. 4 0 0. 600. 800. lOOOmmf&^ti 

mfJix^fi^ti-y^y h\^—'&(om^tii:1}W^. ^<o^ 

mut^\t. B$f+lE]»p:*i^^cc>i3i<>'K(^l£ll5:^ji LAio 
[0 0 2 2 J m^Wi^yy ^S^fflv^-c=^>'^':7^7>^Sr'^^ 

< T K i^;^ tciffi A ti\iLm \:i^y':fy =^—y- S ^rJE^Ji 



(5) 



^■mW- 9-234256 



[0 0 2 3] 

El -5 r t ;i s -C # ^ t <?:) T ^ o 

{z,^\.fc^yyx^hv . (A) \tiy^y hm:^i^\^:^^-f 
^bi^^y v^m^^i:7r^'^^yy^ (b) i-xiz-^yvm 



^\^\z.'is\'j^i-^\lK}Wmii^^^^7rsir^yy. (C) {-Xt^ 

So 

[112 ) '^w^<D-mmn\z^s^:::s;\yy^y-fmiy'^y 

103 ] P:3Vw:7i^^7'ffiv''v:7 Ycoiy^y VU\:)d\^\^ 
^n^i^-Ky hS^m^^^i:7jk't^^yyTh^o 
im4] ^^y ^y^l^i^^ y hcoiy^y Vi^iilj^^lz. 

TT^-r^yyx-h^o 

[HIS] m^^ji^y ^yy^mt^^Yy v^i^-^y Y^:^\^^^ 
sett's E im.ii^^^i^Tf^'t^yyxh^o 
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